. To understand the cause for the discrepancy we examined the impact of several experimental differences among the studies-anaesthesia and the level and duration of optogenetic stimulation-and found that the discrepancies can be largely explained by differences in the level and duration of interneuron activation. There are replies to this Brief Communication Arising by Atallah Atallah et al. 8 showed that mild PV 1 activation caused no significant reduction in orientation tuning width (s), whereas Lee et al. 10 showed that s reduction is strongly correlated with firing rate reduction (Supplementary Fig. 3e in Lee et al. 10 ). This indicates that the difference between the findings is related to the degree of PV 1 activation. To test the dependence of s reduction on the level of interneuron activation further, we measured tuning curves of each neuron in anaesthetized mouse V1 at several light intensities (Fig. 1 ). For PV 1 activation, both the firing rate and s decreased progressively with increasing light intensity (Fig. 1a, b) . Increasing levels of SST 1 activation, however, caused a progressive reduction of firing rate but not of s (Fig. 1c, d ). The range of PV 1 activation-induced firing rate reduction reported by Atallah et al. 8 is indicated by grey shading in Fig. 1b . Within this range we also observed only weak sharpening of orientation tuning, indicating that different levels of PV 1 activation can largely explain the different observations in Lee et al. 10 and Atallah et al.
8
. Mechanistically, subtractive inhibition by PV 1 activation (Fig. 3 in ref. 10 ) is considered to be the main cause for the sharpening: stronger PV 1 activation causes a greater increase of spike threshold and therefore stronger firing reduction and sharpening.
However, the discrepancy between the findings of Lee et al. 10 and Wilson et al. 9 is more profound, and there are two major experimental differences: choice of anaesthetics and laser stimulus duration. As shown in Fig. 2a -e, the specific effect of PV 1 activation on s reduction was also found in awake, head-fixed mice, indicating that it is not restricted to particular anaesthesia. Meanwhile, in each trial of visual stimulation (4 s), Wilson et al. 9 applied 1 s of laser simulation at the beginning of visual stimuli, whereas Lee et al. 10 applied laser stimulation throughout the 4 s. To test the effect of laser duration, we measured tuning with 1-s laser stimulation in awake PV-channelrhodopsin-2 (ChR2) and SST-ChR2 mice. In both cases, neuronal firing was reduced only during the 1 s of laser stimulation (Fig. 2f, h ). In PV-ChR2 mice, 1-s stimulation caused no significant sharpening of tuning, whereas in SST-ChR2 mice it caused a significant sharpening (Fig. 2f-j) .
The lack of sharpening with 1-s PV 1 activation is not unexpected given that inhibition was enhanced only during 1 out of 4 s of visual stimulation (Fig. 2f) . However, the sharpening by 1 s but not 4 s of
SST
1 activation was unexpected. Notably, during the last 3 s of visual stimulation we observed significant s reduction with 1-s (P 5 0.003) but not 4-s (P 5 0.47) SST 1 activation. One possibility is that whereas the 1-s SST 1 activation caused inhibition of PV 1 neurons 11, 12 , the laser offset caused rebound activity of PV 1 neurons, which in turn caused s reduction after laser offset.
Finally, we performed cell-attached recordings from genetically labelled cell types without ChR2 stimulation. Pyramidal, PV 1 and SST 1 neurons all exhibited sustained responses to visual stimulation with similar time courses (Fig. 2k) 
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Methods
PV-Cre or SST-Cre mice were injected with AAV2/2 for ChR2 expression and implanted with head plates 2-3 weeks before recording. All procedures were approved by Animal Care and Use Committee at UC Berkeley. In anaesthetized mice (PV-ChR2, n 5 8 mice; SST-ChR2, n 5 8), juxtacellular recording was made under a two-photon microscope, and optogenetic stimulation was made with LED through the objective. In awake mice (PV-ChR2, n 5 25; SST-ChR2, n 5 21), recording was made with multichannel silicon probes. Visual stimulation, optogenetic activation and data analysis followed ref. 10 Solving discrepancies in the literature is critical for the advancement of science, and the Comment by Lee et al.
1 is thus welcome. It clarifies that there is no contradiction between the earlier study of Lee et al. 2 and our study 3 . The disagreement is in the interpretation of the results and in the model used to fit the data.
Both studies 2,3 optogenetically perturbed the activity of inhibitory parvalbumin-expressing (PV 1 ) cells in mouse visual cortex and measured the resulting impact on the orientation tuning width of pyramidal cells. Whereas Lee et al.
2 reported a narrowing of the tuning width, our study 3 did not observe any systematic change. The most obvious effect on photoactivation of PV 1 cells is the reduction in the firing of pyramidal cells. Accordingly, we are glad that when Lee et al.
1 (see accompanying Comment) consider the same range of pyramidal cell firing reduction as that described in our study 3 (that is, up to ,50% reduction, for a ratio of 20.34), there is no narrowing of the tuning curve. This narrowing, on the other hand, is present when exploring larger reductions in pyramidal cell firing, consistent with the findings of Lee et al.
2 . These effects can be explained by the simple linear model with threshold proposed by our study 3 . In this model, the impact of PV 1 cells is to subtract and scale orientation tuning curves, unless the firing rate is 0. The model captures not only the data in our study 3 , but also the data points of the example cell shown in figure 1 of the Comment 1 . As illustrated in our Fig. 1 , this model fits the data very well, so all these results can be explained by a simple 'iceberg effect'. Moreover, the model explains additional data obtained by our study 3 , which are not mentioned in the Comment 1 . Our study 3 performed the reverse experiment, namely the optogenetic suppression of PV 1 cells to increase pyramidal cell firing rate up to 250%, and again found that there was no systematic increase in tuning width. As described in our study 3 , the model explains this finding because once the iceberg is out of the water it cannot get wider by rising further.
Therefore, one can fully reconcile Lee et al. 2 and our study 3 by pointing out (1) that when one explores both intermediate and large reductions in pyramidal cell firing rates one sees both effects (invariance and narrowing of tuning width, respectively, as the Comment does 1 ); and (2) that when one uses the linear-threshold model 3 one explains all of these effects. We believe that interpreting the data in the context of such a model is superior to comparing Gaussian functions fit to responses obtained with and without stimulation, as was done in Lee et al. , and were obtained with the Matlab function 'grabit.m'. We did not consider a fourth set of points, with the lowest firing rate, as there are barely any data points above zero. The curves indicate the fits of the linear-threshold model introduced by our study 3 . b, The same curves as in a, rescaled to peak at 1, to illustrate a mild but progressive narrowing of tuning curves with increasing PV 1 cell activation. 
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